To determine the age range when the secondary ossification centres of the acromion appear and fuse in Japanese youth using computed tomography (CT). Methods. CT scans of 85 shoulders in 35 male and 14 female consecutive patients aged 6 to 20 (mean, 16) years were reviewed. No patient had pain or tenderness at the acromion. Appearance and fusion of the secondary ossification centres of the acromion were determined twice by an orthopaedist. A secondary ossification centre was considered to have appeared when a low-density line was noted at the juxta-epiphyseal area and to have fused when the line had disappeared. Intra-observer reliability was determined. Results. The intra-observer reliability was 0.93. The secondary ossification centres of the acromion had appeared at around 10 years of age and had fused at around 15 years of age, with one exception. Conclusion. In these Japanese subjects, the secondary Development of secondary ossification centres of the acromion in Japanese youth: a computed tomographic study
introduction
Understanding the age range of the development of secondary ossification centres enables accurate radiological assessment of the shoulder joint, especially in patients suspected of having os acromiale or epiphyseal injury of the acromion. In a cadaver study, the 3 secondary ossification centres of the acromion (pre-acromion, meso-acromion, and metaacromion) begin to appear at 15 to 19 years of age and are completely fused at 19 to 25 years of age ( Fig. 1 ). [1] [2] [3] It is difficult to visualise the secondary ossification centres of the scapula on radiographs, especially those of the acromion, even in the axillary view. Computed tomography (CT), magnetic resonance imaging (MRI), and ultrasonography are useful tools to identify the secondary ossification centres of the acromion. This study determined the age range when the secondary ossification centres of the acromion appear and fuse in Japanese youth using CT.
MATERIALS AND METHODS
CT scans of 85 shoulders in 35 male and 14 female consecutive patients aged 6 to 20 (mean, 16) years who were examined for recurrent shoulder instability (n=43), humeral fracture or proximal epiphyseal injury (n=4), solitary bone cyst in the humerus (n=1), and spontaneous epidural haematoma at the cranial thoracic spine (n=1) between December 2006 and December 2012 were reviewed. No patient had pain or tenderness at the acromion.
A 16-slice MDCT scanner (LightSpeed Ultra 16, GE Healthcare) or a 64-slice MDCT scanner (Sensation Cardiac 64, Siemens) was used. The axial view was reconstructed perpendicular to the long axis of the glenoid, whereas the sagittal view was reconstructed parallel to the glenoid surface. Three-dimensional CT was reconstructed using the volume rendering method. Appearance and fusion of the secondary ossification centres of the acromion were determined twice by an orthopaedist. A secondary ossification centre was considered to have appeared when a low- Development of secondary ossification centres of the acromion in Japanese youth 231 density line was noted at the juxta-epiphyseal area and to have fused when the line had disappeared (Fig. 2) . Intra-observer reliability denoted by the kappa value was determined.
results
The intra-observer reliability was 0.93. Development of the secondary ossification centres of the left and right acromia was similar. The secondary ossification centres of the acromion had appeared at around 10 years of age and had fused at around 15 years of age, with one exception (Fig. 3) . The secondary ossification centres had not appeared in 7 shoulders of boys aged 6, 9, and 10 years and of girls aged 11 and 13 years; and had not fused in 8 shoulders of boys aged 11, 14, and 15 years and of girls aged 10 and 13 years.
discussion
Os acromiale results from failure of fusion of the secondary ossification centres of the acromion, with an incidence of 8.0 to 8.2%. 4, 5 Os acromiale is associated with rotator cuff tear and impingement syndrome. 5, 6 Understanding the age range of the appearance and fusion of the secondary ossification centres of the acromion is important in the diagnosis of os acromiale. According to morphologic or radiographic Fusion Appearance Non-appearance Male Female studies, the age range of the appearance and fusion has been reported to be 15 to 17 years and 18 to 22 years, respectively (Table) . 1, 4, [7] [8] [9] [10] In our Japanese subjects, the age range of the appearance and fusion was earlier than that reported in other studies. 1, 4, [7] [8] [9] [10] This may be due to difference in race and sex of the subjects. Bone development in boys is delayed by 1.5 to 2 years compared with girls. 11 Bone development in Japanese is 1.5 to 2 years earlier than in Americans, but the difference becomes smaller at around 14 years of age. 11 The time of fusion of the physis does not differ between Japanese and American subjects. 11 Appearance of ossification centres in subjects from India, Hong Kong, and the Philippines is slightly delayed by one to 2 years, compared with European subjects. In a study assessing the bone age of children based on hand and wrist radiographs, bones in Asian children mature significantly earlier than their African American and Caucasian counterparts. This difference is noted in females aged 10 to 13 years and males aged 11 to 15 years, with a difference in bone age of <1 year. 12 One limitation of this study was that the number of patients aged <10 years was small and thus the time of appearance of the secondary ossification centres could not be accurately determined.
conclusion
In these Japanese subjects, the secondary ossification centres of the acromion had appeared at around 10 years of age and had fused at 15 to 16 years. Os acromiale or injury to the epiphysis plate should be suspected in patients aged ≥16 years whose secondary ossification centres of the acromion have not fused.
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